SOLID STATE LASERS TUNABLE IN THE VISIBLE SPECTRUM AND NON-LINEAR MATERIALS IN GLASSES
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The Hebrew University of Jerusalem, IL-91904 Jerusalem, Israel Abstract: A new family of s o l i d s t a t e photostable tunable l a s e r s i n the v i s i b l e is prepared by incorporation of a number of perylimide dyes i n t o inorganic glasses o r i n t o composite materials prepared from inorganic glass with organic polymers. The l a s e r s may be prepared i n a bulk form or i n t h i n films on a glass support. enabling s i n g l e mode operation. The same techniques a r e a l s o used f o r preparation of nonlinear materials whereby a large number of organic molecules o r semiconductor p a r t i c l e s are introduced i n t o the glasses.
Recently, a considerable e f f o r t has been extended toward the search f o r tunable l a s e r s made of s o l i d inorganic materials operating i n the v i s i b l e p a r t of t h e spectrum [I-71. Toward t h i s end, the sol-gel process f o r glass preparation i s especially suitable.
It enables single o r multiple component glasses to be prepared a t temperatures low enough i n order not t o destroy the organic molecules [8]. The g l a s s preparation allows adding of an organic molecule t o the solution t o be homogeneously incorporated i n the f i n a l g l a s s provided the dye dissolves i n the solvent from which the glass i s prepared [8-101. The r e s u l t i n g photostability of the dye i s enhanced i n the inorganic host matrix and surpasses t h a t of organic media such a s polymethylmethacrylate. However, despite t h i s increased photostability, l a s e r s prepared by the sol-gel method from conventional l a s e r dyes can survive only a few pulses of exciting l a s e r sources before degradation 12.3.5-71.
The perylimide dyes used f o r l a s e r preparation were developed by Seybold e t a l .
[ll] with a s t r u c t u r e (derived from perylene) now published [12]. They are characterized by t h e i r extreme photostability and negligible singlet-t r i p l e t t r a n s f e r which is responsible f o r nonradiative relaxations.
The absence of a long-lived t r i p l e t s t a t e prevents photochemistry t o take place and allows the existence of s t a b l e dyes with high quantum efficiency of fluorescence. Optical c h a r a c t e r i s t i c s of several perylimide dyes [13] a r e presented i n Table 1 .
The perylene derivatives have limited s o l u b i l i t y i n conventional solvents from which the sol-gel glasses are prepared because of the planar s t r u c t u r e of the molecules which f a c i l i t a t e s the formation of c r y s t a l s with high l a t t i c e energies. Fortunately perylene dyes can be introduced i n t o composite glasses which are (')Enrique Berman Professor of Solar Energy
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:19917106 laser when pumped by a nitrogen laser was operating in TEO and TMO single modes. However, because of the unstability of the laser medium towards exciting laser radiation, there is a need to improve the photostability of the waveguiding laser system. This is performed by coating support glasses either as flat plates or tubes by composite glass films or specially prepared sol-gel films incorporating perylimide laser dyes. A typical procedure includes the following starting materials: Tetraethoxysilane (TEOS) and Tetramethoxysilane (TMOS) with addition of Tetraethoxytitanium Ti(OEt)4, which, by hydrolysis and polycondensation can vary the refractive index of the glasses between 1.45-1.7. In some cases, the addition of organic polymer is needed in order to enable the homogenous solution of perylimide dyes. Typical polymers are PMMA polyrnethylmethacrylate r 1 MEMO
3-methacryloxypropyltrimethoxysilane
One typical example is: 48 ml MEMO, 5.5 ml water and 3.45 ml methacrylic acid were stirred for 16h. then 20 ml Ti(OEt)4 and 20 ml TEOS were added and cont nued stirring for jh. Fluorescent dye BASP 241 was dissolved in concentration 1 0 -' H in the starting solution. Thus. the molar ratio of TEOS:Ti(OEt)4:MEMO:water: rnettlacrylic acid = 1:1.1:2.3:3.4:0.46 [18] .
Film l a s e r s may have some advantage over bulk l a s e r s i n t h e f u t u r e because of t h e i r good thermal d i s s i p a t i o n and waveguide p r o p e r t i e s . I f t h e r e f r a c t i v e index of t h e f i l m i s higher than t h a t of t h e g l a s s support t h e l a s e r r a d i a t i o n is trapped
and guided by a t o t a l i n t e r n a l r e f l e c t i o n i n t h e t h i n f i l m . The s p e c t r a l range of t h e l a s e r s obtained s o f a r is between 500nm-700nm. The s l o p e e f f i c i e n c i e s around 15% can be obtained.
By using t h e sol-gel techniques, we have a l s o prepared g l a s s bulks and films doped by CdS quantum d o t s [20] , and organic molecules having nonlinear p r o p e r t i e s [21] . Third harmonic generation s i g n a l s (THG) from CdS doped t h i n g l a s s and/or ORMOCER f i l m s were e a s i l y observed. The s t r o n g e s t THG s i g n a l s were about 1500-2000 times s t r o n g e r than those generated by t h e g l a s s s u b s t r a t e alone. This can be compared with t h e THG s i g n a l s from CdS p a r t i c l e s i n a swollen polymer film deposited on q u a r t z , which i s 1.5 t i m e s higher than t h e corresponding s i g n a l s from quartz alone when e x c i t e d a t 1.06 p. Table 2 W e have found a functional r e l a t i o n between the i n f l e c t i o n p o i n t i n the absorption spectrum and t h e p a r t i c l e s i z e of CdS as obtained from X-Ray d i f f r a c t i o n and from Transmission Electron Microscopy (TEM). The smaller t h e p a r t i c l e s , t h e higher the energy o f t h e i r absorption.
The quantum s i z e e f f e c t s , r e s u l t i n g from confinment of t h e e l e c t r o n and hole i n a small volume were revealed by d i s t i n c t e l e c t r o n i c l e v e l s observed i n e x c i t a t i o n s p e c t r a of t h e p a r t i c l e s embedded i n t h e f i l m s [22] .
